Abstract
Materials and Methods

143
Sample collection 144 A single seawater sample (100 mL) was collected in a polycarbonate bottle from the surface 
152
For each timepoint and depth, 1 L seawater was filtered using a peristaltic pump with two in-line 153 filters in series: a 1.6-µm GF/A pre-filter (Whatman), then a 0.22-µm Sterivex filter (Millipore).
154
RNAlater (QIAGEN) was added immediately to fill the dead space of the Sterivex filter, which 155 was then flash frozen in liquid nitrogen and stored at -80 °C.
156
Nucleic acid extraction and amplification 157 Single bacterioplankton cells in the preserved samples were flow-sorted, whole-genome 158 amplified (MDA, multiple displacement amplification), and PCR-screened at the Bigelow 159 Laboratory Single Cell Genomics Center (SCGC, Boothbay Harbor, ME, USA), following The RNA extraction protocol for metatranscriptomics was adapted from (23-25). After expelling 167 RNAlater from the Sterivex filter, 2 mL lysozyme solution (1 mg/mL in lysis buffer: 40 mM 168 EDTA, 50 mM Tris pH 8.3, 0.73 M sucrose) was added, then filter incubated at 37 °C with 169 rotation for 45 min. Proteinase K solution (50 µL at 20 mg/mL, QIAGEN/5PRIME) and SDS 170 solution (100 µL at 20%) were added, then filter incubated at 55 °C with rotation for 2 h. Lysate 171 was expelled to a separate tube; meanwhile, 1 mL lysis buffer was added to the filter to wash at 172 55 °C for 15 min. The two lysates were pooled, to which was added 1.5 mL absolute ethanol. 173 RNA was then extracted from this solution using the RNeasy Protect Bacteria Midi Kit 174 (QIAGEN). RNA was eluted with two volumes of RNase-free water. RNA sample was 175 concentrated using a speed vacuum, from 250 µL to 60 µL. To this volume we added DNase (1 176 µL Ambion TURBO DNA-free, 6 µL 10x buffer, 60 µL RNA) and incubated at 37 °C for 30 177 min. This solution was purified using the RNeasy MinElute Cleanup Kit (QIAGEN) and eluted 178 with RNase-free water. Final yield was 1-2 ng total RNA. Total RNA was amplified using the For metatranscriptomics, sequence data were processed as described in (27 
Genome assembly and annotation
202
De novo assemblies were generated using CLC Genomics Workbench 4.9. The genomes were 203 assembled independently and, unless otherwise specified, the following applies to all of the 204 SAGs. The reads were first imported and quality trimmed with a limit of 0.01. They were then one or both of the following criteria: (i) the contig was binned into a bin annotated as SAR11 or 216 Prochlorococcus using Metawatt 3.5 (35), using the "medium" bin level, with a minimum bin 217 size of 50 kbp and minimum contig size of 500 bp; (ii) the contig had a top-10 BLASTN hit 218 against GenBank nt, with E-value <1e-5, to SAR11 or Prochlorococcus. SAGs was assessed using CheckM 1.0.3 (38) using the lineage-specific workflow (lineage_wf).
238
CheckM was also used to estimate genome redundancy (called "contamination" in CheckM).
239
Genome taxonomy and phylogenetics
240
A total of 89 SAR11 and 96 Prochlorococcus shared single-copy orthologous genes were 241 identified using the GET_HOMOLOGUES software (39). Amino acid sequences translated from 242 gene sequences were aligned using the MAFFT software (40). These alignments were 243 concatenated, sites with gaps were deleted, and the concatenated data were partitioned using the 
Mapping of metatranscriptomic reads to OGs
271
The quality-filtered mRNA reads from the 52 samples were mapped against the SAGs using contigs, which might lack a neighboring anchor gene, we analyzed the distribution of contig 327 lengths between retained and removed contigs for each SAG. We found that in most cases (20 of 328 26 SAGs) the median sizes of retained and removed contigs were not different (Fig. S2) to dimensionality reduction using PCA and plotted as the first two principal components (PCs).
378
The first PC explains 27% and 67% of the variation, respectively, for the SAR11 genomes (Fig.   379 2a) and the Prochlorococcus genomes (Fig. 2b) . The PCA plots show wider spread in the SAR11 Red Sea SAGs (=5) was only 3% of the number of Prochlorococcus reference genomes (=140). 424 Emphasizing the effect of the genome reference database on estimates of OG endemicity, after 425 new Prochlorococcus genomes (9, 52) were added to the clustering, the number of RS-OGs 426 dropped from 1192 to 96 (Fig. S4) Among Prochlorococcus SAGs, none of the 9 non-hypothetical RS-OGs (Table S2) This pathway represents a possible adaptation to the higher salinity of the Red Sea. However, the 482 three genes in this pathway were not found among the Red-Sea-associated Prochlorococcus 483 OGs, nor were they found elesewhere among the retained or removed contigs from the Red Sea 484 SAGs (BLASTN).
485
Expression of ortholog groups in the Red Sea water column
486
To further test the idea that there could be OGs of ecological importance endemic to the Red Sea, 487 we analyzed metatranscriptomes from the Red Sea. Any OGs with functional roles would be 488 expected to be expressed in the Red Sea water column. We collected seawater and filtered the 489 prokaryotic fraction from a station in the central Red Sea at four depths and 13 timepoints over a 490 48-hour period. We extracted and sequenced RNA from these samples, and mapped the reads to 491 the Red Sea SAGs. 492 We found that a majority of RS-OGs were expressed in one or more sample (64% SAR11, 66% 493 Prochlorococcus; Fig. 3a,b) . This was more than the fraction of non-RS-OGs expressed (32% 494 SAR11, 20% Prochlorococcus; Fig. 3c,d ). We were curious if the high fraction of non-RS-OGs 495 that were unexpressed was due to many of these OG being singletons (OGs having only one 496 member). To the contrary, heatmaps of OG size vs. number of metatranscriptomes in which the 497 OG was found (Fig. 3, inset) do not show a high density of singleton OGs having no expression 498 in non-RS-OGs, and rather the trend toward singletons is more common in RS-OGs. 499 Of OGs expressed in at least one sample, non-RS-OGs (Fig. 3a,c) tended to be expressed in more 500 samples than RS-OGs (Fig. 3b,d ). This is consistent with many of the non-RS-OGs being core The presence or absence of SAR11 and Prochlorococcus orthologs in Tara Oceans prokaryote-526 fraction metagenomes (supplemental files 7 and 8) was plotted as rarefaction curves (Fig. 4) .
527
Tara Oceans metagenomes were added randomly one by one, and the fraction of SAR11 and (Fig. 4) , and in the best-case scenarios it took at most ten metagenomes to find 90% of these OGs 533 (Table S3 ). The percentage of OGs not found (15-30%) was independent of whether they were 534 'Red-Sea-associated' or not. This result combined with the rarefaction analysis suggests these 535 OGs would be unlikely to be found in the Tara samples with deeper sequencing. It is possible 536 that some OGs may be rare and/or divergent enough to be undetectable with the current 537 methodological approach. Fig. 4c ). In the best-case scenarios, it took only 5 metagenomes to find 90% of the 542 'found' SAR11 OGs and 50 metagenomes to find 99%; it took only 10 metagenomes to find 543 90% of the 'found' Prochlorococcus OGs and 60 metagenomes to find 99% (Table S3) 2% not found; Fig. 4d ). That is, RS-OGs were about as likely to be found 547 across the World Ocean as non-RS-OGs. For both SAR11 (Fig. S5a) and Prochlorococcus (Fig.   548 S5b), considering the number of Tara metagenomes in which each OG was found, RS-OGs were 549 less likely to be found in a large fraction of metagenomes, relative to all OGs. This is not five Prochlorococcus RS-OGs that were added to the cumulative total when the Tara Red Sea 558 metagenomes were added last (Fig. 4d) . These five OGs, all with unknown function, represent a 559 small fraction of the total Prochlorococcus pangenome (10439 OGs total). Given the available 560 genomes, this study may have uncovered a small set of OGs (Table S2) Table S4 ). SAR11 OG composition (Fig. 5a) (Fig. 5b) , however, was structured by temperature differences in the temperate 
584
Given that temperature tolerances generally lack known genetic markers (59), these data suggest 585 an area for future investigation.
586
In summary, the analysis of Prochlorococcus and SAR11 OGs in Tara Oceans metagenomes   587 shows that (i) most "Red-Sea-associated" OGs are actually widely distributed across the World Red Sea in previous comparative metagenomics studies (11, 12) . Despite the Red Sea existing at 594 and provided the first genomes from SAR11 subclades 1b and 1d. Our analysis of these genomes 603 provided significant contributions to the reference databases of these organisms, adding 878 new 604 ortholog groups to the SAR11 pangenome and 96 new ortholog groups to the Prochlorococcus 605 pangenome. We described a new method called "OG ordination" that uses PCA of ortholog 606 group composition to resolve phylogenetic differences in closely related genomes and used it to 607 distinguish Prochlorococcus ecotypes LLII and LLIII in our samples. 608 How marine microbes are able to respond to a changing ocean will be critical to understanding Table 1 .
